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Problem Statement and General Introduction 
Developing countries face increasing poverty levels among resource poor rural households, 
the majority of whom rely on agriculture as their main source of livelihood. Based on current 
trends, by the year 2015, there would be 0.6 billion poor people in the World of which 90% 
would be in South Asia (216 million) and Sub-Saharan Africa (340 million) (World Bank 
2005). Currently 45% and 31% of the total human population in Sub Saharan Africa and 
South Asia subsist on less than US$1 per day and the number is projected to increase in 
future.  The Millennium Development Goal (MDG) Number One is to halve the number of 
poor people in the world by the year 2015. Livestock can significantly contribute to 
achieving this and other Millennium Development Goals as livestock wealth is more 
equitably distributed than land. In addition, rapidly expanding demand for high value food 
products of animal origin that is taking place in developing and developed countries or what 
has been termed as “The Livestock Revolution” offers significant opportunities for the poor 
to escape poverty through the diversification and intensification of livestock production 
(Delgado et al 1998). Livestock therefore provides a practical and effective first step in 
alleviating abject rural poverty and improving the nutritional well being of the poor. 
 
The potential of livestock to reduce poverty in Sub Saharan Africa and South Asia derives 
from the fact that Africa is home to 13.6% of the worlds cattle and buffalo, 28.9% of goats, 
19.2 % of sheep and 73.4% of camels; while South Asia has about 18% of the cattle, 74% of 
buffaloes, 28% of goats, 8% of sheep, 5% of poultry and 2% of pigs of the world (FAO-
STAT 2006). Within these regions, a large proportion of the livestock support the 
livelihoods of small scale producers who face formidable challenges in improving their scale 
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and efficiency of production and the quality of their products. The extent to which small-
scale farmers could benefit from the growth in the livestock sector depends on how policies, 
technologies and institutions respond to their needs. 
 
What is addressed and why 
Economic growth, increasing human population and urbanization are causing significant 
increases in demand for high value food products, including milk, meat, eggs and fish 
(Kumar et al 2003). This expanding demand serves as an opportunity for millions of 
livestock keepers in Sub Saharan Africa and South Asia, including the most underprivileged 
sections of the community, to augment incomes by increasing outputs from their livestock. 
Therefore, strategic research and investment in livestock improvement is required to make a 
difference. This study was undertaken to identify differences in productivity for key livestock 
species in the primary livestock production systems in Sub Saharan Africa and South Asia. 
Information compiled could be used to inform priority setting for long term targeted 
investment in scientific research and development of appropriate technologies to improve 
livestock production. The report is sub-divided into four chapters that deal with different 
livestock species; dairy cattle (Chapter 1), poultry (Chapter 2), small ruminants (Chapter 3) 
and beef cattle (Chapter 4) production. Chapter 5 identifies priority areas for investment in 
science and technology and further quantifies in economic terms the financial benefits that 
could accrue to livestock keepers. Chapters 1 and 2 cover Sub-Saharan Africa and South 
Asia respectively. Chapters 3 and 4 are limited to information from Sub-Saharan Africa. 
 
The basic approach 
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The study targeted Sub Saharan Africa and South Asia; where poverty among rural 
households and the overall percentage of poor people is the highest in the world (see 
Deliverable 1). Sub Saharan Africa was divided into three target regions West, East and 
Southern Africa, while only South Asia was considered within Asia. The livestock 
production systems defined in this report and which predominate in the study areas are 
presented in Table 1 
 
Table 1 Broad classification of livestock production systems in South Asia and Sub 
Saharan Africa 
  
Production System (Eco-cone) 
 
South Asia 
Sub Saharan Africa 
West East Southern 
1. Pastoral/agro-pastoral (Arid/Semi arid) x x x x 
2. Mixed rain fed (Arid/semi-arid)  x  x 
3. Mixed rain fed (Humid/sub-humid) x x x  
4. Mixed rain fed (Temperate/Highland) x  x  
 
 
In these production systems, the following genotypes/breeds of livestock are found, using 
the definitions employed in this study: 
1. Indigenous genotypes: 
- Tropically adapted breeds unique to Africa and/or Asia and which play critical 
roles in the socio-economic and cultural orientation of the communities raising 
them. 
- For this study, indigenous breeds were defined as animals with < 25% exotic 
blood. 
 
2. Exotic genotypes: 
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- Highly specialized often “single-product” breeds e.g. Friesian, Toggenburg, 
Merino) introduced into particular target regions from the developed world -
mainly Europe and North America- to improve livestock productivity. 
- These were defined as animals with a genotypic composition of >75% exotic 
blood  
3. Crossbreeds: 
- Progenies derived from either crossbreeding indigenous and exotic breeds or 
between two purebred exotic breeds. Exotic-indigenous crossbreds exhibit better 
performance over the average of their parent populations especially in adaptive 
traits such as fertility and survival. 
- Crossbreds were defined as animals having between 25% - 75% exotic blood 
4. Synthetic/composite breeds:  
- hybrid animals developed by crossbreeding at least three or more different 
breeds followed by generations of stabilization and selection to retain desired 
levels of hybrid vigour and performance under local production conditions 
 
Sources of information 
Information presented in this report was based on review of available literature that reported 
statistics on reproduction and production performance of dairy and beef cattle, small 
ruminants and poultry. The sources of information were technical and anecdotal reports, 
conference proceedings, manuscripts published in scientific journals, MSc and PhD theses 
(see the Appendix section for all the data sources). The objective was to collate data on the 
levels of production (milk, live-weight, egg production) and reproduction traits (e.g. age at 
first calving, calving intervals, calving/kidding rates in different production systems and by 
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inference, determine the upper (maximum) and the lower (minimum) levels of production 
achievable by a specific genotype under prevailing environmental conditions (husbandry, 
veterinary care and nutrition). Information gathered was used to derive an indication of the 
productivity gap for the key livestock species/genotypes. Productivity gaps were defined as 
the difference between the mean highest and the mean lowest observed level of production 
(e.g. of milk), in a specific agro-ecological zone and production system for each 
specie/genotype.  As the data were sourced from multiple studies, the assumption inherent 
in this approach is that the maximum (highest) observed level of production closely 
approximates the full genetic potential of the breed/genotype in that environment. Within 
these fixed breed-environment groupings, differences in production were thus attributed to a 
combination of differences in genetic composition, animal husbandry, nutrition and/or 
health care. By grouping according to eco-zone and enterprise, the magnitude of 
productivity gap was easily evident and strategies for reducing this could be developed. 
Where information was available, production data from large scale commercial 
farms/ranches within the same eco-zone as the smaller scale producers -which are presumed 
to be better managed- illustrated the highest level of production that could be achieved with 
better management. The derived productivity gaps were further quantified in economic 
terms based on the current prices of animals and products in each region. The report could 
have been greatly enriched by the inclusion of genotype/breed specific census data for each 
region. However such information was unavailable. 
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Chapter 1 
 
Dairy Cattle Production 
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1.1 Introduction 
Milk is a cash commodity for small holder farmers produced through the conversion of low 
value forages, crop residues and family labour into highly valued animal product. Dairy cattle 
production occupies a unique position among livestock enterprises as milk is produced on a 
daily basis, providing a regular income to farmers. Dairying is also a labour intensive 
enterprise that provides direct and indirect employment to a large number of people.  
 
Dairy production is a major contributor to national economies and to household food 
security in most developing nations. For cattle overall, statistics in SSA show an average of 
0.17 animal units per household (Winrock International 1992) with an estimated milk yield 
per tropical livestock unit (TLU) of 70 Kg per year (Staal et al 1997). The annual overall milk 
production in SSA is estimated at 1.27 million.  
 
Statistics from South Asia indicate that between 2003 and 2005, the region produced 123 
million tonnes of milk or one-fifth of the global output (Parthasarathy Rao and Birthal 
2008). However, most of this production was concentrated in India (with a share of 74% of 
the milk output in South Asia and the world’s largest producer of milk) and Pakistan which 
account for 23% of the South Asia’s production. A common characteristic of dairy 
production in Sub Saharan Africa and South Asia is low animal productivity. Critical 
evaluations indicate that increases in milk production in Sub Saharan Africa and South Asia 
were due to increases in the number of animals rather than improved productivity per 
animal. Such a trend is difficult to sustain in the long run due to resource constraints 
(Parthasarathy Rao et al 2005; Parasarathy Rao and Birthal 2008). 
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1.2 Sub-Saharan Africa 
1.2.1 Main findings 
For this region, information was collated from 14 countries Southern Africa = 4 (Botswana, 
Malawi, Zambia, Zimbabwe); West/Central Africa = 6 (Burkina Faso, Cameroon, Gambia, 
Ghana, Ivory Coast, Nigeria) and East Africa (Ethiopia, Kenya, Sudan, Tanzania). The data 
for different genotypes is presented in Table 1.2.1. Looking at productivity levels for 
indigenous genotypes/breeds in the three regions, the minimum and maximum milk 
production levels in Southern Africa were 311 and 840 kg respectively, giving a productivity 
gap of 529 kg; in West Africa were 318 and 1018 kg respectively, giving a productivity gap of 
700 kg; and in East Africa these were 329 and 984 kg respectively with a productivity gap of 
655 kg. Percentage differences in production by different genotypes in the three regions of 
Sub-Saharan Africa are presented in Figure 1.2.1. The highest potential to increase milk 
production was observed in East Africa in crossbred animals (in excess of 300%) while in 
West/Central and Southern Africa, the potential was higher with respect to purebred 
indigenous and exotic cattle, 236% and 208% respectively. 
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Table 1.2.1 Summary of production and reproduction performance for different genotypes within production systems by region 
 
 
Region 
   Minimum production levels Maximum production levels 1Management regime 
Production-
Environment 
System 
Type of 
enterprise 
2Genotype Milk yield 
per lactation 
(kg) 
Lactation 
Length 
(days) 
Calving 
Interval 
(days) 
Milk 
yield 
(kg) 
Lactation 
Length 
(days) 
Calving 
Interval 
(days) 
3Feeding 4Health care 
1. Southern 
Africa 
Mixed rain fed 
arid/semi-arid 
 
Smallholder 
farmers 
Indigenous 311 212 447 840   Low-input Erratic/mediocre 
Crossbred 806  584 1870 269 436 Moderate-input Average 
Exotic 1745 270 502 2015   Moderate-input Average 
Commercial 
ranchers 
Exotic 3139 289 267’ 5384 354 481 High-input Excellent 
            
2. West 
Africa 
Mixed rain fed 
humid/sub-humid 
Smallholder 
farmers 
Indigenous 318 180 510 1071   Low-input Erratic/mediocre 
Crossbred 1011 237 395 1575 237 395 Moderate-input Average 
Institutional 
farm 
Indigenous 356 210 420 774 261  Moderate-input Average 
Crossbreds 1016 239 396 1677 301 423 Moderate-input Average 
Exotics 2498 305 480 3602   Moderate-input Average 
Commercial 
ranchers 
Exotic 2681 315 419 4750 329 472 High-input Excellent 
Mixed rain fed 
arid/semiarid 
Smallholder 
farmers 
Indigenous 810 249  1018   Low-input Erratic/mediocre 
            
3. East 
Africa 
Mixed rain fed 
temperate/highland 
Smallholder 
farmers 
Indigenous 529 193 375 787 197 473 Moderate-input Average 
Crossbred 644 152 333 2657 351 444 Moderate-input Average 
Exotic 2025 240 378 3319 346 459 Moderate-input Average 
Mixed rain fed 
coastal humid/sub-
humid 
Smallholder 
farmers 
Indigenous 329 190 510 984 202 619 Moderate-input Average 
Institutional 
farm 
Crossbred-1 970 259  1488 300  Moderate-input Average 
Commercial 
ranchers 
Synthetics 3037 307 395 4065 354 412 High-input Excellent 
Exotics 4065 300 406 5204 350 412 High-input Excellent 
Mixed rain fed 
arid/semiarid 
Government 
farm/station 
Crossbred-2 1154 271 416 1638 299 483 Moderate-input Average 
 
Note: 1. Management: Most studies consulted provide indications on feeding and veterinary health care but not animal housing. 
2. Genotype: Exotics: >75% Exotic blood; Crossbred: 25-75% Exotic blood; Indigenous: < 25% exotic blood; Crossbred-1: Indigenous x exotic crosses; Crossbred-2:: Sahiwal x Indigenous crosses. 
3. Feeding: Low-input: Minimal/No supplementation; Moderate-input: Moderate supplementation; High-input = Regular supplementation. 
4. Health care: Excellent: Regular preventive and curative health care provided; Average: Occasional preventive and curative treatment is provided; Mediocre: Proper veterinary health care rare. 
5. Data sources: These data are averages derived from several studies. A complete listing of these sources is provided under the Appendix section. 
*This value is too low to be biologically feasible. Even lower values were reported for different breeds (Makuza et al 2000). This reflects the quality of data available and the need to mobilize resources to build capacity to 
collect good quality data 
 
.
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Figure 1.2.1 Maximum and minimum levels of milk production for 
different genotypes of cattle in Sub-Saharan Africa. 
 
Note: Light coloured bars represent the minimum and dark coloured bars the maximum levels of milk 
production observed in each region. The values in percentage are derived as the difference in yield attainable 
relative to the minimum level of production for each genotype. 
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From Table 1.2.1, three different types of “productivity gaps” were identified and are 
presented in Figure 1.2.2: 
i) Productivity gap due to “animal husbandry practices” such as feeding and animal 
health (within genotype/breed yield gaps, “xi”); 
ii) Productivity gap due to “genotype” (between genotype/breed yield gaps, “yi”); 
iii) Productivity gap due to “differences in production/management system” (within 
genotype/breed but between production system yield gaps, “zi”). 
 
From Figure 1.2.2 in Southern Africa for crossbred genotypes, the maximum level of milk 
production observed under the mixed (crop-livestock smallholder) production systems was 
1870 kg against a minimum production level of 806 kg. The difference gives a productivity 
gap due to animal husbandry practices (within genotype yield gap “xi”) of 1064 kg. 
 
 14 
 
 
 
 
 
B. West Africa 
0 
1000 
2000 
3000 
4000 
5000 
6000 
M
ilk
 y
ie
ld
 p
er
 L
ac
ta
ti
o
n
 (
K
g)
 
Indigenous Crossbreds Indigenous 
Mixed rain fed humid/sub-
humid 
Mixed rain fed 
arid/semi-arid 
Exotics 
xw1 
xw2 
Large-Scale Commercial 
Ranches 
xw4 
yw2 
yw
1 
A. Southern Africa 
0 
1000 
2000 
3000 
4000 
5000 
6000 
M
ilk
 y
ie
ld
 p
er
 l
ac
ta
ti
o
n
 (
K
g)
 
Indigenous Crossbreds 
Mixed rain fed arid/semiarid 
Exotics Exotics 
ys1 
ys3 
zs 
xs1 
xs2 
xs4 
xs3 
ys2 
Large-Scale Commercial 
ranches 
 15 
 
 
 
Figure 1.2.2 Differences in Milk production by different genotypes in 
dairy cattle production systems found in different regions of Sub-
Saharan Africa 
 
Note: 
Light coloured bars = Minimum production 
Dark coloured bars = Maximum production 
xi = Yield gaps due to “animal husbandry practices”  
yi = Gap in productivity due to “genotype” 
z = Gap in productivity due to “differences in the production system” 
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The percentage differences in productivity between and within genotypes (productivity gap 
due to genotype and one due to animal husbandry) depicted in Figure 1.2.2 are presented in 
Table 1.2.2. 
 
Table 1.2.2 Percent (%) differences in maximum and minimum milk production 
levels within and between genotypes representing the yield gaps due to animal 
husbandry and genotype in Sub-Saharan Africa 
 
 
 
Region 
Differences (%) in productivity due to 
animal husbandry 
Differences (%) in productivity due to genotype 
Indigenous 
breeds 
Crossbreeds Exotics Indigenous vs 
Crossbreeds 
Indigenous vs 
Exotic 
Crossbreeds vs 
Exotic 
Southern Africa 62.9 (XS1) 56.9 (XS2) 13.3 (XS3) 61.4 (YS1) 82.1(YS2) 53.8 (YS3) 
West Africa 70.3 (XW1) 35.8 (XW2)  68.5 (YW1)   
East Africa 32.7 (XE1) 75.8 (XE2) 38.9 (XE3) 17.9 (YE1) 73.9 (YE2) 68.2 (YE3) 
 
1.2.3 Discussion 
Lactation milk yield is generally the most important trait in dairy cattle enterprises because 
higher milk yields have potential to increase the profitability of dairy enterprises, subject to 
the costs associated with the increase. Clear differences in productivity and reproductive 
performance for different genotypes within and between production systems were evident. 
The difference between the observed minimum and maximum levels of milk production for 
each genotype in different regions, and, the production levels achieved in commercial 
ranches indicate, that the genetic potential of most genotypes are not being realized in 
smallholder settings (Figures 1.2.1 and 1.2.2). Improvement in productivity under 
smallholder systems to attain the genetic potential of a specific genotype under Sub-Saharan 
African environments is possible. In Southern Africa the possibility to double milk 
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production in exotic cattle is evident, while in East Africa there is potential to triple milk 
yields in crossbred genotypes (Figure 1.2.1). From Figure 1.2.1 and taking West/Central 
Africa as the point of reference, it is possible to increase milk production by a minimum of 
65% and 90% among crossbred and exotic animals respectively, through improved animal 
husbandry. Across Sub-Saharan Africa, adoption of either a crossbred or exotic animal could 
increase milk production levels with minimum inputs (See Figure 1.2.2A, 1.2.2B and 1.2.2C, 
and Table 1.2.2; the “ys” which denote “gaps in productivity due to genotype”). For example 
in Southern Africa, the minimum production achieved by crossbred animals under mixed 
rain fed arid/semiarid system (given minimum level of inputs) is 806 kg while that of 
indigenous breeds is 311 kg (see Table 1.2.1 and Figure 1.2.2A). On the other hand exotic 
animals under similar conditions (minimum inputs) yield 1745 kg of milk per lactation. 
Therefore moving from indigenous to crossbreeds and finally to exotic breeds given some 
marginal improvements in inputs has potential to increase milk production among 
smallholder farmers. The same situation was observed in East and West/Central Africa. 
 
In West/Central Africa, the 810 kg minimum milk yield attained by indigenous genotypes in 
mixed rain fed arid/semi arid systems appears to be high relative to the performance of 
other indigenous genotypes in Southern and East Africa. However, this value falls within the 
range of values for milk productivity for these genotypes (311 – 1018) and therefore was still 
low relative to the maximum milk yields attainable by indigenous breeds across Sub-Saharan 
Africa. 
 
With slight improvement in management (husbandry, nutrition and health care), 
improvement in productivity reflected by the maximum milk yields attained by crossbred 
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(1870 kg) and exotic (2015 kg) breeds in Southern Africa was minimal. This is also observed 
in East Africa, 2657 kg in crossbreds against 3319 kg in exotic cattle respectively. Therefore 
with slight improvement in management, it would be more prudent cost-benefit-wise, for 
smallholder farmers to upgrade their indigenous stocks to crossbred animals rather than to 
purebred exotic cattle. However, to attain even higher levels of productivity for all genotypes 
(crossbreds, synthetics and exotics) equivalent to that achieved by large scale commercial 
ranchers, improvement in management standards a pre-requisite. 
 
The maximum production attained by indigenous genotypes approached the minimum 
production of crossbred animals under mixed rain fed systems in Sub-Saharan Africa 
(Figures 1.2.2A, 1.2.2B, 1.2.2C and Table 1.2.1). Furthermore, under similar production 
systems, the mean maximum production level achieved by crossbred cattle exceeded the 
average minimum levels of productivity attained by exotic cattle. This could be attributed to 
the fact that exotic genotypes require comparatively higher levels of inputs to sustain their 
productivity. Only a few farmers have the capacity to provide such inputs. Crossbred 
animals on the other hand have inherited a certain degree of adaptation from indigenous 
genotypes and therefore tend to perform relatively better than exotic in situations where 
resources constrain production. 
 
Calving interval is a trait of economic importance because delayed calving decreases total 
lifetime milk production, and increases generation intervals. The overall average calving 
interval of 459 days (i.e. 395-619 days; see Table 1.2.1) is relatively long. This is undesirable 
given that for dairy enterprises to be economically viable, animals must calve down 
frequently. Prolonged calving intervals reflect differences in reproductive management, an 
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area often overlooked when assessing dairy cattle productivity. Understanding reproductive 
performance should therefore be a target of any interventions that are aimed at increasing 
lifetime milk production. 
 
Section 1.3 South Asia 
1.3.1 Main findings 
Information from South Asia came from 4 countries India, Pakistan, Sri Lanka, and 
Bangladesh. In contrast to Sub Saharan Africa, a vast amount of information from this 
region (especially from India and Bangladesh) was available as articles published in Journal’s 
with restricted international distribution and therefore was not easily accessible (in electronic 
and hard copies) outside the region. However, through ILRI’s collaborative networks in 
South Asia such information was accessed. Productivity levels of different breed categories 
in South Asia are presented in Table 1.3.1. As is the case for Sub Saharan Africa, it can be 
observed that “productivity gaps” were also present. As an example, in India the difference 
between the highest (1628 kg) and the lowest (584 kg) level of milk production per lactation 
for indigenous genotypes/breeds in mixed crop-livestock systems revealed a “productivity 
gap” of 1044 kg, while that for synthetic genotypes/breeds (1825 - 1475) was 350 kg. The 
“productivity gap” for these two genotypes (indigenous and synthetic) in Bangladesh under 
mixed crop-livestock systems was 2770 kg and 350 kg respectively. 
 
The productivity performance of a given breed also differed depending on whether 
individual animals were reared in institutional farms or otherwise (productivity gap due to 
differences in management system). For the indigenous genotypes in India, this type of gap 
(2867 - 1628) was 1239 kg while that for synthetic genotypes (3024 - 1825) was 1199 kg. 
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Table 1.3.1 Summary of dairy cattle production and reproduction performance for different genotypes within production systems in different 
South Asian countries 
 
 
 
Country 
  Minimum production levels Maximum production levels  
 
2Feeding Regime 
Production System 1Genotype Milk yield 
(kg) 
Lactation 
Length (days) 
Calving Interval 
(days) 
Milk yield 
(kg) 
Lactation Length 
(days) 
Calving 
Interval (days) 
India Crop-Livestock rain fed Indigenous 584 231 448 1628 325 502 Low-input 
Synthetic 1475   1825    
Institutional farms Indigenous 284 149 381 2867 431 694 Medium-input 
Crossbred 1183 284 368 4650 419 547  
Synthetic 1914 274 424 3024 305 459  
Exotic 2876 305 476 3195 345 476  
          
Bangladesh Crop-Livestock rain fed Indigenous 150 150 365 2920 365 520 Low-input 
Crossbred 1147 171 422 2018 274 459  
Synthetic 1475   1825    
Institutional farms Indigenous 696 283 469 696 283 469 Medium-input 
Crossbred 682 228 414 865 281 501  
          
3Other 
Countries 
Institutional farms Indigenous 234 186 391 1649 268 467 Medium-input 
Crossbred 144 180 368 1929 387 453 Medium-input 
Exotic 1956 341 437 1956 341 437 Medium-input 
 
Note: 1. Genotype:   Exotics  = >75% Exotic blood 
    Crossbred  = 25-75% Exotic blood 
    Indigenous  = < 25% exotic blood 
 
 2. Feeding Regime:  Low-input  = Minimal/No supplementation 
Moderate-input = Animals moderately supplementation 
High-input  = Animals are supplemented regularly 
 
 3. Other countries in South Asia:   = Pakistan and Sri Lanka 
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To further illustrate the concept of “productivity gaps” evident from Table 1.3.1, graphs 
were prepared for the entire South Asia (Figure 1.3.1A) and for the different production 
systems (Figure 1.3.1B and 1.3.1C) within the countries represented in Table 1.3.1. 
 
From Figure 1.3.1A, it is evident that milk production can potentially be increased in all the 
cattle genotypes reared in South Asia. With the observed difference in the level of milk 
productivity realised between the average livestock keeper and the institutional farms, it is 
possible to more than double milk production from indigenous and crossbred animals with 
targeted intervention. 
 
From Figure 1.3.1A, it is evident that productivity levels attained by similar genotypes in 
different countries of South Asia vary greatly. While animals reared in institutional farms in 
India out-perform those in Bangladesh, (see Figure 1.3.1B), the maximum milk yields 
attained for all the genotypes under smallholder mixed crop-livestock systems are higher in 
Bangladesh than in India (Figure 1.3.1C). However, it is worth noting that institutionally 
reared cattle in India still account for the highest overall production in South Asia. 
 
1.3.3 Discussion 
South Asia is one of the highest milk producing regions in the world. However, milk 
productivity per animal in the region still remains low (Parthasarathy Rao and Birthal 2008) 
and large variations in productivity within and between genotypes are evident (Figure 1.3.1). 
For instance in India, the country with the highest cattle population and milk production in  
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Figure 1.3.1 Maximum and minimum levels of milk 
productivity for different genotypes of dairy cattle in South 
Asia (A), Institutional farms (B) and in Mixed crop-livestock 
systems (C) in India, Bangladesh and in other countries of 
South Asia. Light coloured bars represent the minimum and 
dark coloured bars the maximum levels of milk productivity 
attainable. The values in percentage are derived relative to the 
minimum level of productivity 
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the world, the overall average milk production per lactation is reported to be less than 600 
Kg (Birthal and Taneja 2006). 
 
From the data collated, animals reared in institutional farms accounted for the highest levels 
of milk productivity in South Asia (Figure 1.3.2B). In spite of the successful development of 
the dairy industry in India (Kurup 2001; Shukla and Brahmankar 1999) through the 
establishment of dairy co-operatives in several states under “operation flood” (these brought 
to fore the economic relevance of crossbreeding through milk marketing, price support and 
the provision of input services) most animals in smallholder farms are yet to attain peak 
production performance. This is in spite of the operation flood initiative having contributed 
to increasing milk production from 20 million tonnes in 1970 to 75 million tonnes in 1999;  
a 4.5% annual compounded growth rate. Most reports attribute this to failure of organised 
breeding operations particularly artificial insemination services, limited use of proven sires, 
performance recording and the lack of breeders organisations to foresee the proper 
implementation of breeding programs (for instance, see Kurup 2001). However, too few 
authors consider the effects of poor nutrition and animal health-care as significant 
contributors to low animal productivity. As a consequence, government livestock policies 
have focussed mainly on breeding with little attention given to nutrition and animal health 
care. There is need therefore to assess the relative potential contribution of animal breeding, 
nutrition and health care to improving productivity and inform appropriate targeting of 
interventions and investment. 
 
Although pioneering work on large-scale crossbreeding in different parts of India by the 
Bharathiya Agro-Industries Foundation (BAIF Development Research Foundation) and 
recommendations of the National Commission on Agriculture, supported crossbreeding as 
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the best technological advancement to rapidly increase milk production in India  
(http://www.baif.org.in), its impact in most States, other than the 12 documented as success 
stories under BAIF, was below expectation due to ineffective crossbreeding programs due to 
using genetically unproven breeding bulls and indifference among farmers in adhering to the 
recommended breeding programme (Kurup 2001). Progenies from successive generations of 
inter-se mating performed below expectation. This partly explains the low productivity 
realized by smallholder dairy enterprises vis a vis institutional farms. It is not always the case 
however, that animals reared by smallholder farmers would perform worse than those in 
institutional farms. In India and Bangladesh (see Figure 1.3.1B and C), smallholder dairy 
herds out-performed institutional farms. However, the better performing farmer’s herds are 
usually not officially recorded, thus such data/information are not included/reported in grey 
and conventional literature contrary to the ones accessed while compiling this report. It is 
thus recommended that in addition to assessing the relative potential contribution of animal 
breeding, nutrition and health care to improving productivity, there is need to extend the 
well organised market-oriented dairy co-operatives established under BAIF to undertake 
performance recording for genetic evaluation and breed improvement. Such an initiative 
could also assist in identifying the best performing animals in farmers’ herds that can 
subsequently be used in genetic improvement. 
 
South Asia has scope to increase milk production beyond current levels. Genetic 
enhancement as a strategy to improve milk production has been well implemented in this 
region (Birthal and Taneja 2006). An alternative but related strategy could be to re-introduce 
already improved original Indian breeds such as the Gir from Brazil -instead of embarking 
on long and slow genetic selection programs- through modern reproductive technologies 
such as in vitro embryo production technologies and multiple ovulation and embryo transfer 
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(MOET); in addition rapid progress could be achieved through young sire selection 
programs in which institutional herds and the farmer co-operatives are transformed into 
better genetically managed nucleus herds in the framework of an Open Nucleus Breeding 
Scheme (ONBS). In addition, such a scheme would embrace training of farmers on 
performance recording, better nutrition and veterinary health care as pre-requisites to 
success. These initiatives should be accompanied by supportive/appropriate animal breeding 
policies. 
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Chapter 2 
 
Poultry (Chicken) Production 
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2.1 General Introduction 
Poultry as a subset of livestock production contributes significantly to human food 
production. Among the poultry species, chickens represent a significant part of the rural 
economy and of the national economies of many developing nations. Poultry meat and eggs 
account for more than 30% of all animal proteins consumed worldwide and the share is 
increasing (Delgado et al 1998). The International Food Policy Research Institute (IFPRI) 
estimates that by the year 2015 poultry will account for 40% of all animal proteins consumed 
worldwide. Taking advantage of their high reproductive rate and short generation intervals, 
the commercial sector has contributed greatly to making eggs and poultry meat a nourishing 
and affordable dietary item for millions of people (Mack et al 2005). More than 80% of 
global poultry production however takes place in low input-output backyard scavenging 
systems. Over 70% of the poultry products and 20% of animal proteins consumed in most 
African and Asian countries come from backyard systems (Spadbrow 1997; Gueye 1998). 
These systems are common in most villages and households in rural, peri-urban and urban 
areas of Sub Saharan Africa and South Asia (Gueye 1998; Branckaert et al 2000). Most 
producers in this sector comprise poor households with almost zero asset base and highly 
vulnerable and insecure livelihoods. 
 
Poultry production could act as a first step on the ladder of capital accumulation. It requires 
smaller initial capital investments and less land than other livestock, and allows progressive 
growth from a small-scale scavenging family flock to a higher-input but still small 
commercial unit which can be a springboard to larger livestock and/or other enterprises 
(Todd 1999). Increasing productivity in this sector would result in a positive impact on 
household food security in terms of improved nutrition (Ponapa 1982) and income 
generation (Gueye 2000). For instance, in Ethiopia, estimates based on human and livestock 
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populations show that backyard scavenging chickens provide 12 Kg of poultry meat per 
inhabitant per year, while the contribution from cattle is 5.3 kg per inhabitant per year 
(Teketel 1986). In Bangladesh, family poultry represents more than 80 percent of the total 
poultry production, and 90 percent of the 18 million rural households keep poultry. In low 
income food deficit countries, backyard poultry-produced meat and eggs supply 20 to 30% 
of the total animal proteins (Branckaert 1999), taking second place to milk products (38 
percent), which are mostly imported. 
 
2.2 Results/Findings 
2.2.1 Sub Saharan Africa 
Data on annual egg production per bird and egg size was collated to represent egg 
production performance. Pullet and cockerel weights at maturity were used as a proxy to 
meat production. Additional information that was collated but is not included in this report 
was chick weight at day one and 8 weeks of age, number of clutches laid per year, number of 
eggs laid per clutch, hatchability (%), chick mortality, adult mortality and overall mortality 
rates. Data collated came from 23 countries: East Africa = 6 (Kenya, Ethiopia, Tanzania, 
Sudan, Burundi, Uganda); West/Central Africa = 7 (Burkina Faso, Nigeria, Senegal, Chad, 
Cameroon, Ghana, Mali); Southern Africa = 6 (Lesotho, Zimbabwe, Malawi, Zambia, 
Mozambique, Botswana) and South Asia = 4 (Bangladesh, India, Nepal and Pakistan). 
 
Data came from backyard, institutional and commercial farms and are presented in Table 
2.2.1. For each enterprise, the productivity traits analysed showed wide variations as revealed 
by the observed range between the lowest (minimum) and the highest (maximum) values. 
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Table 2.2.1 Productivity performance of different chicken genotypes different agro-ecological zones and enterprises in SSA and SA 
    Annual Egg Production Egg Size (grams) Pullet weight at maturity 
(grams) 
Cockrell weight at 
maturity (grams) 
Region Eco-zone Enterprise Genotype Min Mean Max Min Mean Max Min Mean Max Min Mean Max 
Southern 
Africa 
Arid/Semi 
arid 
Backyard Exotic 123.00 155.80 180.00 - - - - - - - - - 
Indigenous   27.00   45.83 120.00 31.00 39.60 43.90 1376.0 1492.00 1600.00 1800 2100.00 2400 
Institutional Exotic   66.00   75.50   85.00 52.00 52.10 52.20 2750.0 2875.00 3000.00 3900 3950.00 4000 
Indigenous   26.90   64.19   96.00 27.00 48.35 65.00 1000.0 1826.00 3500.00 1500 2531.22 4000 
Commercial Indigenous - - - 43.90 47.37 49.10 1500.0 1633.00 1700.00 2400 2466.67 2500 
                
West 
Africa 
Arid/Semi 
arid 
Backyard Indigenous   20.00   48.10 112.00 30.74 36.32 50.00   700.0 1190.00 2100.00 1200 1800.00 3200 
Commercial Exotic 150.00 172.30 200.00 58.00 66.25 71.00 1400.0 2300.00 3000.00 1700 2900.00 4000 
Humid/Sub 
humid 
Backyard Indigenous   20.00   33.40   45.00 30.00 37.08 43.04   768.0 1004.40 1500.00   929 1335.88 2000 
Institutional Crossbreds   42.53   42.53   42.53 26.44 34.35 44.00 - - - - - - 
Indigenous 125.00 125.00 125.00 46.00 56.59 60.03 - - - - - - 
                
East 
Africa 
Arid/Semi 
arid 
Backyard Indigenous   50.00   62.40   70.00 40.60 42.12 47.00 1200.0 1262.00 1310.00 1700 2000.00 2200 
Institutional Indigenous 109.00 109.00 109.00 27.00 44.64 72.00   800.0 1578.48 2300.00 1000 2220.75 3500 
Humid/Sub 
humid 
Backyard Indigenous   30.00   58.41 150.00 32.00 43.86 57.00   900.0 1483.00 2250.00 1150 2082.67 3150 
Exotic - - - 52.00 52.00 52.00 - - - - - - 
Commercial Exotic 250.00 266.67 300.00 44.00 52.33 60.00 - - - - - - 
Crossbreds   80.00 120.00 160.00 44.00 44.00 44.00 - - - - - - 
Indigenous - - - 37.00 37.00 37.00 - - - - - - 
Institutional Exotic 197.40 197.40 197.40 27.30 40.15 53.00   967.0 1249.00 1531.00 - - - 
Indigenous   34.00 112.12 175.50   9.40 28.94 50.00 1050.0 1250.00 1400.00 1400 1720.00 2200 
                
South 
Asia 
Arid/Semi 
arid 
Backyard Exotic 114.40 145.21 178.00 - - - - - - - - - 
Indigenous   58.83 118.43 176.22 - - - - - - - - - 
Humid/Sub 
humid 
Backyard Crossbreds   18.00 117.70 157.00 39.19 42.33 44.40 1033.7 1186.27 1325.90 - - - 
Exotic   22.00   56.00 140.00 41.35 47.01 52.80 1197.1 1397.02 1771.00 - - - 
Indigenous   13.00   44.69   80.00 30.50 43.05 55.38 1171.0 1482.20 1700.00 2090 2142.50 2180 
Commercial Exotic 301.00 336.75 360.00 - - - 1110.0 1431.67 1690.00 - - - 
Institutional Crossbreds   35.00   76.50 110.00 48.70 49.05 49.40 - - - - - - 
Exotic   76.00 110.25 140.00 45.70 49.41 53.20 1240.0 1246.56 1253.11 - - - 
Indigenous   33.00   84.34 141.00 32.20 42.15 51.00 - - - - - - 
Small scale 
commercial 
Crossbreds   83.00   91.67 105.00 - - - 1300.0 1359.33 1408.00 - - - 
Exotic   80.00   93.67 107.00 - - - 1243.0 1453.00 1736.00 - - - 
Indigenous   88.00   88.00   88.00 - - - 1433.0 1433.00 1433.00 - - - 
Highland Backyard Indigenous   65.00 103.67 176.00 54.00 54.00 54.00 1500.0 1783.00 2150.00 2000 2000.00 2000 
Institutional Indigenous   85.00 116.75 152.00 40.00 50.00 60.00 2450.0 2450.00 2450.00 - - - 
Exotic 154.00 171.00 196.00 - - - - - - - - - 
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For instance, the difference between the highest and lowest annual egg production for exotic 
birds in free-range scavenging systems was 57 eggs (180 – 123). Lowest and highest values 
for indigenous birds were 27 and 120 eggs/bird/year. This resulted in an annual yield 
difference of 93 eggs. Interestingly for the Southern Africa region, the performance of all 
genotypes with respect to annual egg productivity was higher in backyard than in 
institutional farms. The opposite was however the case for the other three traits considered. 
Looking at the data from Sub Saharan Africa, it is clear that the genetic potential of the 
indigenous poultry populations are yet to be attained and these populations could play 
greater and more significant roles at farmer level. This is contrary to reports by several 
authors having reported poor genetic potential for egg production by indigenous chicken 
breeds/populations. The huge variation observed for all the genotypes implies that strategic 
management can be used to increase productivity of most genotypes. 
 
Productivity gaps were evident in all genotypes across SSA and are presented in Figure 
2.2.1A (Southern Africa), 2.2.1B (West Africa) and 2.2.1C (East Africa). The magnitude 
however differed and ranged between 2.6% among indigenous stocks raised in commercial 
enterprises for cockerel weight at maturity to 250% among the same genotypes raised in 
institutional farms in Southern Africa. The highest yield gap for annual egg production in 
Southern Africa was observed among indigenous chickens raised in backyard scavenging 
systems. One observation was that in Sub Saharan Africa, yield gaps in backyard systems 
were comparable to those observed in institutional and commercial farms. 
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Figure 2.2.1A Percent magnitude of yield gaps for pullet and cockerel weights at maturity, annual egg production and egg sizes for 
different genotypes of chicken in Southern Africa. 
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Figure 2.2.1B Percent magnitude of yield gaps for pullet and cockerel weights at maturity, annual egg production and egg sizes for 
different genotypes of chicken in West Africa. 
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Figure 2.2.1C Percent magnitude of yield gaps for pullet and cockerel weights at maturity, annual egg production and egg sizes for 
different genotypes of chicken in East Africa. 
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2.2.2 South Asia 
As in Sub Saharan Africa, the variation in productivity for all genotypes in South Asia was 
large (Table 2.2.1). For instance, annual egg production by backyard-raised chicken 
breeds/populations in arid/semi arid zones ranged from 114 to 178 eggs per year. Generally 
from Table 2.2.1 and Figure 2.2.1D it can be observed that the potential productivity of all 
genotypes is yet to be achieved. This is reflected in productivity gaps which ranged from 
4.3% for cockerel weights at maturity in indigenous birds to 772.2% for annual egg 
production in crossbreeds. Generally, the greatest productivity gaps were observed for 
annual egg production indicating the inherent potential to improve this trait through 
selection and management. 
 
2.3 Discussion 
Strategies that target poultry production as means of improving livelihoods and alleviating 
poverty are most relevant in countries where very resource-poor rural people cannot easily 
acquire the capital required for larger livestock. Such countries are described as low-income 
under stress countries (LICUS), highly indebted poor countries (HIPC), low income food 
deficit countries (LIFDCs), or countries that are placed low on the UN Human 
Development Index. These countries predominate in Sub Saharan Africa and South Asia. In 
most of these countries, backyard poultry production (described as Sector 4 by the FAO) 
predominate and is a critical source of income and high quality proteins to most households. 
In Ghana for example, scavenging poultry accounts for between 60 and 80% of the national 
poultry population (Aning 2006), while in Bangladesh and Nigeria sector 4 type of chicken 
production accounts for more that 90% of the poultry production (Kushi et al 1998).  
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Figure 2.2.1D Percent magnitude of yield gaps for pullet and 
cockerel weights at maturity, annual egg productivity and egg 
sizes for different genotypes of chicken in South Asia 
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Figure 2.2.1D continued 
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Even in countries with relatively large and modern industrial poultry production sector such as. 
India, free range backyard chicken are still commonly practiced, especially in areas with high 
incidences of poverty and are responsible for a very large proportion of the national poultry 
population (Shinde and Srivastava 2006; Mandal et al 2006). 
 
General comments have been made with regard to the low egg productivity of indigenous breeds. 
Observations from the current study however reveal significantly large variations in productivity of 
these birds. Selective breeding and improved management therefore has potential to improve 
productivity in all the 4 traits analysed in indigenous chicken genotypes (see Tables 2.2.1 and Figure 
2.2.1D). Furthermore from the data collated the average annual egg production in indigenous breeds 
was 74 eggs per year. This can be regarded to be low relative to the productivity of exotic breeds. 
However, if it is considered that 74 eggs/hen/year represents four hatches from four clutches of 
eggs laid, incubated and hatched, and the outcome is 45 saleable chicken reared/year (assuming no 
eggs are sold/eaten, 80% hatchability and 25% rearing mortality). Taking into account that the 
average cockerel weight at maturity is 2.028 Kg (calculated from the data collated), this translates to 
an average meat production of 91.125 Kg per year. Factoring the census size of indigenous birds 
into these calculations, translates to very high productivity. An example from Tanzania (Msoffe et al 
2006) further illustrates the importance of poultry to rural households. Assuming an indigenous hen 
lays 30 eggs/year of which 50% are consumed and the remaining have a hatchability of 80%, then 
each hen produces 12 chicks/year. If six (three pullets and 3 cockerels) survive to maturity (50% 
mortality), the output from one hen projected over five years totals 120 kg of meat and 195 or 6.8 kg 
of eggs. 
 
The low productivity per bird under scavenging systems is attributable to several factors, the most 
important being inadequate management, lack of supplementary feed and diseases such as Newcastle 
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(Permin and Bisgaard 1999). However, Roberts and Gunaratne (1992) and Tadele and Ogle (1996) 
attribute the low productivity to poor scavenging feed resource base. Although backyard scavenging 
systems suffer several constraints, productivity of most genotypes is feasible and low-cost 
technologies are required to improve productivity. Large-scale commercial and small-scale backyard 
poultry production exist side by side in most countries of Sub Saharan Africa and South Asia. These 
enterprises need not be mutually exclusive, nor in direct competition. The commercial sector with its 
wealth of human, technical and financial resources could be a catalyst in promoting backyard poultry 
production as a practical and viable option for poverty alleviation. 
 
Conclusion 
Over the last decade, the consumption of poultry products in developing countries has grown by 5.8 
percent per annum, which is faster than the human population growth over the same period. 
Backyard poultry can make important and strategic contributions to poverty and malnutrition 
reduction in some situations. Backyard scavenging chickens have the potential to generate small but 
potentially critical amounts of income generated from existing and underutilized household 
resources, at lost cost. If production from these systems is to remain sustainable, it must emphasize 
the use of adapted breeds, local feed resources and better management of health especially 
Newcastle disease (NCD). This however does not exclude the introduction of appropriate new 
technologies, which need not be sophisticated, such measure to control predation of chicks. 
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Chapter 3 
 
 
Small Ruminant Production 
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3.1 General introduction 
Small ruminants contribute largely to the livelihoods of the low- and medium input livestock-
keeping farmers, many of whom have few resources beyond their smallholdings and livestock. Small 
ruminants are thus important for the subsistence, economic and social livelihoods of a large human 
population in developing countries (Kosgey 2004). Their contributions range from the supply of 
precious animal proteins (meat and milk) to fiber, skins and food security. Statistics indicate that 
least developed countries possess about 400 million sheep and 327 million goats, (or about 39 and 
79%, respectively), of the total world population. The preference for small ruminants stems from 
the fact that they have lower feed and capital requirements than large ruminants, making them suited 
to smallholder producers (Devendra 2002). They also have shorter generation intervals, higher 
prolificacy, small body size, and are better able to utilize a wide range of feed resources that are 
otherwise of little economic value (Holst 1999; Pelant et al. 1999). In Africa and Asia, even in the 
absence of significant resources to support their improvement, the population of small ruminants 
continues to increase due to their better adaptation to prevailing conditions and suitability to small-
scale farms (FAO 2004). 
 
Genetic improvement of sheep and goats could achieve sustainable development and reach a large 
proportion of the poor and needy in developing countries.n. There is need to increase the 
contribution of small ruminants to food production in the future, in the face of several demand-led 
factors which inter alia include population growth, urbanization, income growth, inability of current 
supplies to match requirements, and changing consumer preferences. In the search for efficiency in 
the use of livestock resources, it is therefore important to examine the critical factors that are 
necessary for improving the contribution of small ruminants to food production and in sustaining 
livelihoods. 
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3.2 Presentation of results/findings 
Production and reproduction data was collated from studies done in 6 countries, 2 each from South 
Africa (Malawi and Zimbabwe), West Africa (Ghana, Nigeria) and East Africa (Kenya, Tanzania). 
Information was collated for birth weights, weaning weights, lactation milk yields, lactation length,. 
Mortality and kidding rates, age at first kidding and kidding interval. The main findings are presented 
in Table 3.1 and 3.2 respectively. In Southern Africa, the minimum and maximum values reported 
for birth weights were 2 and 3 Kg respectively in indigenous and crossbred animals. The range in 
values across different production systems in West Africa for indigenous breeds was 0.45 and 2 Kg 
respectively. The value of 0.45 Kg observed in West Africa is low and was reported for the West 
African dwarf, a breed that is characterised by a small body size due possibly to the gene for 
dwarfism. In East Africa, the minimum values reported for birth weights irrespective of breed and 
production system were between 2 and 3 Kg respectively. In South Africa, the lowest minimum and 
the lowest maximum reported value for weaning weight were 2 and 7 Kg respectively in crossbred 
goats raised in mixed crop-livestock systems in semi-arid zones. Higher weaning weights for all 
genotypes were observed in East Africa. Values for other traits related to meat production (kid 
mortality, adult mortality and kidding rates) are summarized in Table 3.1. The highest kid mortality 
rate of 65% was observed among indigenous genotypes reared in smallholder mixed crop-livestock 
systems in Southern Africa. Kidding rates on the other hand ranged between 45% in crossbreds 
found in institutional farms in sub-humid zones of East Africa to 127% in indigenous stocks raised 
by institutional farms under semi arid conditions of Southern Africa. This exceptionally high kidding 
rate is not surprising. Small ruminants are known to have multiple births (twins, triplets, quadruplets 
etc) and this could explain this observation. 
 
Table 3.2 provides information on traits that relate to milk production. In Southern Africa the range 
in values for milk yield/lactation were 37 to 102 litres. These were observed among indigenous 
breeds raised in institutional farms. The values for exotic and crossbreeds fell within this range. 
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Table 3.1 Summary of production and reproduction performance for different genotypes of goats within production systems by Region 
 
 
Region 
 
Production-
Environment  
 
Type of enterprise 
 
2Genotype 
Minimum values reported Maximum values reported 
BWT 
(Kg) 
WWT 
(Kg) 
KMR 
(%) 
AMR 
(%) 
KR (%) BWT 
(Kg) 
WWT 
(Kg) 
KMR 
(%) 
AMR 
(%) 
KR (%) 
Southern Africa Semi Arid Institutional Crossbreeds 2 8    3 17    
Exotics 3 18    3 18    
Indigenous 2 5 18  72 3 21 18  127 
Mixed Crop-livestock Crossbreeds  2 38    7 38   
Indigenous  3 17    12 65   
Sub Humid Mixed Crop-livestock Indigenous   27 15 83   27 15 83 
              
West Africa Humid Institutional Indigenous 0.45 2 35   2 10 56   
Mixed Crop-livestock Indigenous    4     4  
Sub Humid Mixed Crop-livestock Indigenous 2  13   2  14   
              
East Africa Humid Institutional Synthetics   10 5 98   10 5 98 
Mixed Crop-livestock Crossbreeds 3 10 7 5  4 12 8 7  
Exotics 2 4 9 6  5 23 9 6  
Indigenous 3 6 15 10  3 6 20 10  
Synthetics   15 20 65   15 20 65 
Semi Arid Institutional Crossbreeds 2  17 7  2  47 38  
Exotics 2  33 6  2  33 6  
Synthetics 2 9    3 13    
Indigenous   40 25    40 25  
Sub Humid Institutional Crossbreeds 3 12 9  45 4 13 52  67 
Synthetics 2 13   63 3 13   63 
Mixed Crop-livestock Crossbreeds 3 13 8 8  3 13 8 8  
Note: BWT = Birth weight (Kg); WWT = Weaning Weight (Kg); KMR = Kid Mortality rate (%); AMR = Adult Mortality rate (%); KR = Kidding Rate (%) 
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Table 3.2 Summary of reproduction performance for different genotypes of goats within production systems by Region 
 
 
 
Region 
 
Production-
Environment 
 
Enterprise 
 
2Genotype 
Minimum values reported Maximum values reported 
LMY (lts) LL 
(Days) 
AFK 
(Days) 
KI 
(Days) 
LMY (lts) LL 
(Days) 
AFK 
(Days) 
KI 
(Days) 
Southern Africa Semi-arid Institution Crossbreeds 82    85    
Exotics 75 84   102 84   
Indigenous 37 84   102 84   
Mixed Crop-livestock Indigenous   606 311   606 370 
            
West Africa Humid Institutional Indigenous   323 152   1061 731 
Sub Humid Mixed Crop-livestock Indigenous    267   267  
            
East Africa Humid Institutional Synthetics 120    120    
Mixed Crop-livestock Crossbreeds 480 191   497 200   
Exotics 180 101 534 210 828 299 876 422 
Indigenous 14 70  291 69 114  291 
Synthetics 60    60    
Semi Arid Institutional Crossbreeds 128 168 806 323 128 168 828 356 
Exotics 194 174  370 194 174  370 
Indigenous   790 351   790 351 
Synthetics 144 228   179 247   
Sub Humid Institutional Crossbreeds 85 129   142 154   
Synthetics 123 266   123 266   
Mixed Crop-livestock Crossbreeds 142 159  374 142 159  374 
Note: LMY = Lactation Milk Yield; LL = Lactation Length; AFK = Age at First Kidding; KI = Kidding Interval 
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In East Africa, the milk production performance was higher than in Southern Africa for all 
the genotypes. Exotic genotypes raised in mixed crop-livestock systems in East Africa’s 
humid environments produced up to 828 litres/lactation. The lowest level of milk 
production was 14 litres (indigenous breeds raised in mixed crop-livestock systems in the 
humid tropics of East Africa). Interestingly, flocks found in smallholder mixed crop-
livestock systems recorded comparatively higher levels of milk production in comparison to 
similar genotypes raised in institutional farms in similar production environments. 
 
To portray the productivity gaps, the maximum and minimum values for lactation milk 
yields, birth weights and weaning weights summarised in Tables 3.1 and 3.2 are represented 
in Figure 3.1A, B, C, and D respectively. In Southern Africa (Figure 3.1A), lactation milk 
yields revealed a productivity gap of 3.65% in crossbreds and 175.7% in indigenous breeds. 
The productivity gaps for birth weights were 50% for both crossbreds and indigenous 
genotypes. The gap for weaning weights was variable and ranged from 112.5% in crossbreds 
to 320% in indigenous goat genotypes in semi arid environments. Similar information for 
West and East Africa is presented in Figure 3.1B, 3.1C and 3.1D respectively. 
 
Discussion 
Ownership of sheep and goats rests primarily with farmers and peasants, and small flocks are 
common. Efficiency of energy and protein conversion indicates that goat meat production is 
comparable to beef production. Increasing small ruminant productivity is associated with 
overcoming current constraints and exploiting the animals’ small size, their reproductive 
efficiency and in the  
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Figure 3.1A Percent magnitude of yield gaps for lactation milk 
yields, birth weight and weaning weights for different 
genotypes of goats in Southern Africa 
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Figure 3.1B Percent magnitude of yield gaps for birth weight and weaning weights for different genotypes of indigenous goats in 
West Africa 
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Figure 3.1C Percent magnitude of yield gaps for lactation milk 
yields of different genotypes of goats in East Africa. 
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Figure 3.1D Percent magnitude of yield gaps for birth and weaning weights of different genotypes of goats in East Africa. 
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case of goats, digestive efficiency, which enables exploitation of a range of underutilized 
fodder resources. Reduction in average land holding sizes due to increased human 
population and competition for animal feed resources has increased the preference of small 
ruminants by many smallholder resource poor farmers in developing countries. Small 
ruminants are therefore expected to play even a bigger role in sustaining livelihoods in the 
future. The potential to improve milk and meat production among small ruminants exists. 
For all genotypes, yield gaps for traits representing both milk and meat production were 
evident. In Southern Africa, indigenous goats exhibit the highest potential of about 175.7% 
of increasing lactation milk yields. However, the maximum production that can be attained 
by these genotypes compares favourably to that of exotic and crossbred goats. The scope of 
improving weaning weights in crossbred and indigenous breeds as a positively correlated 
meat production trait was evident from the observation that higher weaning weights were 
attained by flocks maintained in institutional farms in comparison to those observed in 
smallholder settings. 
 
In Sub Saharan Africa, the potential to increase small ruminant meat and milk productivity is 
high. This phenomenon is clearly demonstrated by data from the East African region. Where 
environmental conditions and management standards are conducive, exotic and crossbred 
genotypes could more than triple milk and meat productivity. This has been observed in 
Kenya under the FARM-Africa’s Dairy Goat Development Project in Eastern Kenya 
(Peakock 2008) and in isolated cases in Tanzania (Mtenga and Kifaro 1993). The climatic 
conditions in West Africa on the other hand are not conducive enough for exotic and 
crossbreeds to perform optimally, favouring only the best adapted indigenous breeds, which 
offer a high potential for meat productivity. 
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Though kidding rates were favourable, kid mortality rates were however high. This does not 
augur well for the production of meat from small ruminants; which basically depends on the 
number of animals raised to maturity. Targeting the reduction of kid mortalities through 
improved health, nutrition and better housing/hygiene to at most 10% and adult mortalities 
of less than 5% could potentially increase the number of animals destined for disposal at the 
farm level. These targets could be augmented by selective breeding for increased pre- and 
post-weaning growth rates to achieve higher live weights at disposal. 
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Chapter 4 
 
Beef Cattle Production 
 52 
4.1 General Introduction 
The total production of beef in Africa increased from 2.8 million tones in 1978 to 3.71 
million tons in 1998 (Tambi and Maina 2005). This increase translated to 38% -the 
equivalent of 1.91% per annum is higher than that of 1% reported in the developed world. 
Beef production per animal however, grew by less than 1% in the same period although the 
overall consumption increased faster than production. For instance, approximately 2.6 
million tons of beef was consumed in 1978 and, by 1998, total consumption had grown to 
3.9 million tons. This rapid growth in consumption, which is equivalent to 49% or 2.43% 
per year, is an indication of the ‘livestock revolution’ (Delgado et al. 1998). This chapter 
analyses patterns of production and reproduction performance of different genotypes of 
beef cattle in different production systems. As in previous chapters, the main objective is to 
determine the magnitude of productivity gaps and identify the genotype with the highest 
potential to increase beef production to satisfy the projected increase in demand and income 
of livestock keepers. 
 
The data assembled came from 33 countries in Sub Saharan Africa: East Africa = 7 (Uganda, 
Kenya, Madagascar, Rwanda, Tanzania, Ethiopia, Sudan); Southern Africa = 6 
(Mozambique, Zimbabwe, Swaziland, Malawi, Botswana, Zambia) and West Africa = 20 
(Cameroun, Ghana, Chad, Niger, Senegal, Cote d'Ivoire, Benin, Nigeria, Gambia, Guinea 
Bissau, Guinea, Sierra Leone, Liberia, Mali, Burkina Faso, Togo, Central African Republic, 
Zaire, Liberia, Congo). Age at first calving, calving interval, calving rates and mortality rates 
were used to evaluate reproduction performance while off take rates were used as indicators 
of productivity performance. A productivity index [(calf weight weaned x 365)/calving 
interval] was used to evaluate the efficiency of production in different production systems. 
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4.2 Presentation of Results 
The data collated for different genotypes in Sub Saharan Africa are presented in Tables 4.1 
and 4.2. In the 3 regions, calving rates and the productivity index were higher in commercial 
ranches. For instance, calving rates in Southern Africa for exotic cattle raised in commercial 
farms in arid/semiarid zones was 71% and those of the same genotype raised in 
pastoral/agro-pastoral herds was 40%. In West Africa, calving rates for indigenous breeds in 
commercial farms were 72% against a value of 35% reported in pastoral/agro-pastoral herds. 
 
The productivity index/cow/year ranged from a low of 86 Kg for indigenous breeds under 
institutional farms to a high value of 183 Kg for crossbreds found in similar enterprises in 
Southern Africa. In pastoral/agro-pastoral herds in Southern Africa, the productivity indices 
were low 48 Kg for exotic genotypes and 51 Kg for indigenous breeds). 
 
Minimum values reported for age at first calving varied between 912 days (2.5 years) for 
indigenous breeds in commercial farms in Southern Africa and 1440 days (4 years) for 
indigenous breeds in pastoral/agro-pastoral herds in East Africa. On the other hand, the 
maximum values reported for this trait ranged from a low of 986 days (2.7 years) for 
crossbreeds in institutional farms in West Africa to a high of 1825 days (5.07 years) for 
indigenous breeds in pastoral/agro-pastoral herds in West and Southern Africa and in 
commercial farms in Southern Africa. Calving intervals on the other hand ranged between 
374 and 864 days in Southern Africa. The values for East and West Africa fell within the 
range of values for Southern Africa. 
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Table 4.1 Production and reproduction performance for different genotypes of beef cattle within production systems in the Sub Saharan Africa 
 
 
Region 
   Minimum values reported Maximum values reported 
Production-
Environment  
Type of enterprise 2Genotype CR (%) CMR 
(%) 
AMR 
(%) 
OTR 
(%) 
Index 
(Kg) 
CR (%) CMR 
(%) 
AMR 
(%) 
OTR 
(%) 
Index 
(Kg) 
Southern Africa Arid/semi-arid Commercial Exotic 71 9 - 15 112 71 9 - 20 112 
Indigenous 38 4 - 7 120 75 11 - 33 120 
Institutions Exotic 56 8 - - 119 75 19 - - 166 
Indigenous 17 3 2 - 86 88 10 3 - 160 
Crossbreds 65 5 - - 149 87 7 - - 183 
Synthetics 68 18 - - - 90 18 - - - 
Pastoral/Agro-Pastoral Exotic 40 6 - - 48 40 6 - - 48 
Indigenous 29 10 3 3 51 69 62 10 59 51 
              
West Africa Arid/Semi-arid Institutional Indigenous 45 2 3 - 42 100 12 5 - 128 
Pastoral/Agro-pastoral Indigenous 34 30 2 - 50 56 30 7 - 50 
Humid/Sub-
humid 
Commercial Indigenous 72 4 - 33 58 100 4 - 33 77 
Exotic - - - 15 - - - - 20 - 
Institutions Exotics - 17 17 - 81 - 17 17 - 81 
Indigenous 25 1 1 4 30 100 28 14 33 134 
Crossbreds - - - - 40 - - - - 40 
Pastoral/Agro-pastoral Indigenous 35 1 1 3 27 70 50 18 17 65 
              
East Africa Arid/Semi-arid Commercial Exotic 94 4 - - 159 94 4 - - 190 
Indigenous 78 6 - - 140 88 6 - - 174 
Institutions Indigenous 52 58 54 - 68 79 58 54 - 83 
Crossbreds - - - - 85 - - - - 127 
Pastoral/Agro-pastoral Indigenous 40 5 2 1 53 73 49 49 75 89 
Humid/Sub-
humid 
Commercial Exotic 92 5 - - - 94 5 - - - 
Crossbreds - 3 - - 357 - 3 - - 370 
Indigenous 75 - - - 87 75 - - - 87 
Pastoral/Agro-pastoral Indigenous 46 16 - - - 62 16 - - - 
Tropical 
Highlands 
Commercial Crossbred 81 3 3 - 267 92 3 3 - 279 
Exotic 81 5 9 - 179 86 5 9 - 227 
Note: CR = Calving rates; CMR = Calf Mortality rates; AMR = Adult Mortality rates; OTR = Commercial off take rates; Index = Productivity Index/Cow/Annum or Calf weight at weaning/cow/year (Calculated as: the product of 
the weight of calf at weaning x 365/Calving Interval) 
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Table 4.2 Reproduction performance for different genotypes of beef cattle within production systems in the southern Africa Region 
 
 
 
Region 
   Minimum values reported Maximum values reported 
Production-
Environment 
Type of enterprise 2Genotype Age at First Calving 
(Days) 
Calving Interval 
(Days) 
Age at First Calving 
(Days) 
Calving Interval 
(Days) 
Southern Africa Arid/semi-arid Commercial Exotic - - - - 
Indigenous 912 - 1825 - 
Institutions Exotic - 389 - 480 
Indigenous 1080 401 1275 471 
Crossbreds - - - - 
Synthetics - 374 - 374 
Pastoral/Agro-Pastoral Exotic - - - - 
Indigenous 1188 864 1825 864 
        
West Africa Arid/Semi-arid Institutional Indigenous 930 - 1800 - 
Pastoral/Agro-pastoral Indigenous 720 360 1278 570 
Humid/Sub-humid Commercial Indigenous 870 - 1305 - 
Exotic - - - - 
Institutions Exotics 870 - 1131 - 
Indigenous 630 350 1500 567 
Crossbreds 900 383 986 429 
Pastoral/Agro-pastoral Indigenous 912 - 1825 - 
        
East Africa Arid/Semi-arid Commercial Exotic 1195 390 1195 390 
Indigenous 1223 413 1223 413 
Institutions Indigenous 690 - 1740 - 
Crossbreds - - - - 
Pastoral/Agro-pastoral Indigenous 1440 432 1512 540 
Humid/Sub-humid Commercial Exotic - 390 - 398 
Crossbreds 1019 - 1042 - 
Indigenous - - - - 
Institutions Exotic 1200 - 1200 - 
Indigenous - - - - 
Crossbreds 873 - 1209 - 
Pastoral/Agro-pastoral Indigenous 1152 432 1152 432 
Tropical Highlands Commercial Crossbred 1066 382 1138 453 
Exotic 1116 439 1170 450 
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The maximum and minimum values for off-take rates and productivity indices are presented in 
Figures 4.2A (Southern Africa), Figure 4.2B (West Africa) and Figure 4.2C (East Africa). The 
percentage difference between the maximum and minimum values for off-take rates in Southern 
Africa ranged from 5% for exotic genotypes in commercial farms to 56% in indigenous breeds 
reared in pastoral/agro-pastoral systems. Such differences were also observed in West and East 
Africa. In West Africa, the gap ranged from 5% for exotic genotypes in commercial farms to 14% 
for indigenous breeds in pastoral/agro-pastoral areas and 29% for indigenous breeds in institutional 
farms. The gap in East Africa was 74%. From Figures 4.2A, B and C, it can be observed that beef 
cattle genotypes are performing sub-optimally and the potential to improve the efficiency of beef 
cattle production is real. The low efficiency of production could be attributed to prolonged calving 
intervals (mean range = 428.5 – 487.92) and low weaning weights among calves. The potential to 
improve efficiency in Sub Saharan Africa was highest among indigenous breeds. 
 
Discussion 
Beef cattle production in Sub Saharan Africa takes place mainly in arid/semi arid environments 
where crop production is risky due to unfavourable climatic conditions, or large areas of rangeland 
are allow limited competition with crops, such as in Southern Africa. These areas are mostly 
inhabited by pastoral and agro-pastoral communities who depend on livestock for their livelihood 
and are normally ranked amongst the poorest in the continent. Improving the productivity from 
beef animals has scope to impact positively to these poor livestock keepers. This study revealed that 
off take rates from pastoral/agro-pastoral herds vary considerably. It is therefore possible to increase 
off take rates in pastoral herds. 
 
While the targeted off-take rates in commercial farms are normally 20%, pastoralists on the other 
hand have no targeted off take rate. Disposal of animals in pastoral systems is based on need for 
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cash and worsening climatic conditions. One avenue of improving off takes rates from arid/semi 
arid zones are to vertically integrate the pastoral production systems with the commercial farms.
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Figure 4.2A Percent magnitude of yield gap for different genotypes of beef cattle for commercial off take rate and productivity index/cow/year 
in Southern Africa 
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Figure 4.2B Percent magnitude of productivity gaps for different 
genotypes of beef cattle for commercial off take rates and 
productivity index/cow/year 
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Figure 4.2C Percent magnitude of yield gaps for different genotypes 
of beef cattle for commercial off take rate and productivity 
index/cow/year (Kg) in East Africa  
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In such set ups, the pastoral herds would supply weaners and two-year old animals to be finished in 
the commercial farms which act as fattening grounds. An alternative approach would be to construct 
abattoirs’, slaughter houses or meat processing facilities close to the pastoral systems and lobby 
pastoralists to supply animals to such facilities for slaughter. These approaches could improve turn 
over rates in pastoral herds and improve the quality and quantity of beef produced from the arid and 
semi arid zones. 
 
Reproductive management has a large bearing on beef production. This is because beef enterprises 
depend on the number of animals disposed off per year. The objective in most enterprises is to 
maximize the number of calf crops within an animal’s life time. Reproductive efficiency is therefore 
important in this case. Achieving earlier ages at first calving, low calving intervals and low calf 
mortality and adult mortality rates would be important. Furthermore animals that are considered to 
have low reproduction efficiency can be used as surrogates for embryos harvested from genetically 
superior animals. Therefore the introduction of modern reproductive technologies such as MOET 
could improve the reproductive performance of beef cattle enterprises. 
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Chapter 5 
 
Economic Valuation of Yield Gaps and Priority Areas for Investment 
in Research and Technology 
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5.1 General Introduction 
In this chapter an attempt is made to assign monetary values to the yield gaps identified in the four 
species addressed in the current study. The objective is to provide an indication of the magnitude of 
loss/benefit accrued to farmers as a result of the underperformance/better performance of their 
animals. In other words by how much do farmers stand to benefit by bridging the productivity gaps. 
Suggestions are made on priority areas for research and investment. 
 
To assign monetary values to the yield gaps, the purchasing price (market value) of an animal and of 
the final product (milk, meat etc) were considered. The following assumptions were necessary: 
1. The selling price of an animal reared in small-scale/holder farms is half that of an animal reared 
in large scale commercial farms. This difference is based on anecdotal evidence, and can be 
assumed to be due to assured high quality genotype (there are likely to be performance records) 
and related higher productivity 
2. In a production system, differences in output levels within genotypes result from differential 
management (encompassing - feed, health, husbandry) 
3. Differences in productivity by one genotype raised under different farming systems are due to 
both the production system and management 
4. Differences in productivity between genotypes within a production system are assumed to result 
from a combination of genotype and management 
5. Prices used are based on the prices of products (milk and meat) for each region as presented in 
Deliverable 3 (Value of production). 
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1. Priority Areas for Intervention and Potential Productivity Gains - Within Genotype/breed Comparisons 
 
Species/Region Intervention for Impact Magnitude of increase 
(range in Kg) 
Potential gain per 
animal (US $) 
Intervention strategy for greatest impact 
Cattle – Dairy Production     
Southern Africa Retain/breed crossbreds + 
improve management 
3 x (806 -2720) 319 Selective breeding, improve feed , health care 
& build capacity to manage animals 
East Africa Retain/breed crossbreds + 
improve management 
4 x (644 – 2657) 604 Selective breeding, improve feed & veterinary 
care 
West Africa Retain/breed crossbreds + 
improve management 
1.5 x (1011 – 1605) 169 Selective breeding, improve feed & veterinary 
care 
Retain indigenous + improve 
management 
3 x (318 – 1071) 226 Selective breeding, improve feed & veterinary 
care 
South Asia Retain/breed indigenous 
breeds, improve management 
19 x (150 – 2920) 2,592 Selective breeding, improve feed & veterinary 
care 
Retain/breed crossbreds, 
improve management 
32 x (144 – 4650) 4,217 Selective breeding, improve feed & veterinary 
care 
Retain/breed Synthetics, 
improve management 
2 x (1475 – 3024) 1,449 Selective breeding, improve feed & veterinary 
care 
Retain/breed exotics, improve 
management 
1.6 x (1956 – 3195) 1,159 Selective breeding, improve feed & veterinary 
care 
Cattle – Beef Production     
Southern Africa Retain indigenous breeds + 
improve management 
3 x (51 – 160) 186 Selective breeding, improve & build capacity 
to manage animals 
Retain/breed crossbreds + 
improve management 
2.8 x (65 – 183) 202 Selective breeding, improve feed & veterinary 
care 
Retain/introduce exotic + 
improve management 
4 x (40 – 166) 215 Selective breeding, improve feed & veterinary 
care 
East Africa Retain indigenous + improve 
management 
3 x (53 – 174) 207 Selective breeding, improve feed & veterinary 
care 
Retain/breed crossbreds + 
improve management 
1.4 x (267 – 370) 176 Selective breeding, improve feed & veterinary 
care 
West Africa Retain indigenous + improve 
management 
5 x (27 – 134) 183 Selective breeding, improve feed & veterinary 
care 
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Species/Region Intervention for Impact Magnitude of increase 
(range in number/Kg) 
Potential gain per 
bird (US $) 
Intervention strategy for greatest impact 
Poultry – Chicken Egg 
Production 
    
Southern Africa Retain/introduce exotic + 
improve management 
2.7 x (66 – 180) 9 Selective breeding, improve feed & veterinary 
care 
Retain/introduce indigenous 
breeds + improve management 
4.4 x (27 – 120) 6 Selective breeding, improve feed & veterinary 
care 
East Africa Retain/introduce crossbreds + 
improve management 
2 x (80 – 160) 5 Selective breeding, improve feed & veterinary 
care 
Retain indigenous breeds + 
improve management 
5.8 x (30 – 175) 8 Selective breeding, improve feed & veterinary 
care 
West Africa Retain/introduce exotic breeds 
+ improve management 
1.3 x (150 – 200) 4 Selective breeding, improve feed & veterinary 
care 
Retain indigenous breeds + 
improve management 
6.25 x (20 – 125) 7 Selective breeding, improve feed & veterinary 
care 
South Asia Retain Indigenous breeds + 
improve management 
13.5 x (13 – 176) 0.12 Selective breeding, improve feed & veterinary 
care 
Retain crossbreeds + improve 
management 
8.7 x (18 – 157) 0.10 Selective breeding, improve feed & veterinary 
care 
Retain exotics + improve 
management 
16.4 x (22 – 360) 0.26 Selective breeding, improve feed & veterinary 
care 
Poultry – Chicken Meat  
Production 
    
Southern Africa Retain/introduce exotic breeds 
+ improve management 
1.4 x (2750 – 4000) 2 Selective breeding, improve feed & veterinary 
care 
Retain/introduce indigenous 
breeds + improve management 
4 x (1000 – 4000) 6 Selective breeding, improve feed & veterinary 
care 
East Africa Retain/introduce indigenous 
breeds + improve management 
4.3 x (800 – 3500) 5 Selective breeding, improve feed & veterinary 
care 
Retain/introduce exotic breeds 
+ improve management 
1.6 x (967 – 1531) 1 Selective breeding, improve feed & veterinary 
care 
West Africa Retain/introduce exotic breeds 
+ improve management 
2.9 x (1400 – 4000) 5 Selective breeding, improve feed & veterinary 
care 
Retain indigenous breeds + 
improve management 
4.6 x (700 – 3200) 5 Selective breeding, improve feed & veterinary 
care 
South Asia Retain Indigenous breeds + 1.6 x (1500 – 2450) 1.1 Selective breeding, improve feed & veterinary 
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improve management care 
 Retain crossbreeds + improve 
management 
1.4 x (1033 – 1408) 0.4 Selective breeding, improve feed & veterinary 
care 
Retain exotics + improve 
management 
1.6 x (1110 – 1771) 0.8 Selective breeding, improve feed & veterinary 
care 
     
 
 
Species/Region Intervention for Impact Magnitude of increase 
(range in Kg) 
Potential gain per 
animal (US $) 
Intervention strategy for greatest impact 
Small ruminant – Dairy  
Production 
    
Southern Africa Retain/introduce exotic breeds 
+ improve management 
1.4 x (75 – 105) 11 Selective breeding, improve feed & veterinary 
care 
Retain indigenous breeds + 
improve management 
2.8 (37 – 102) 24 Selective breeding, improve feed & veterinary 
care 
West Africa Retain indigenous breeds + 
improve management 
2.8 (37 – 102) 24 Selective breeding, improve feed & veterinary 
care 
    
East Africa Retain/breed crossbreds + 
improve management 
5.8 x (85 – 497) 150 Selective breeding, improve feed & veterinary 
care 
Retain/introduce exotic breeds 
+ improve management 
4.6 x (180 – 828) 237 Selective breeding, improve feed & veterinary 
care 
Small Ruminant – Meat 
Production 
    
Southern Africa Retain indigenous breeds + 
improve management 
7 x (3 – 21) 34 Selective breeding, improve feed & veterinary 
care 
Retain/breed crossbreds + 
improve management 
8.5 x (2 – 17) 28 Selective breeding, improve feed & veterinary 
care 
West Africa Retain indigenous breeds + 
improve management 
5 x (2 – 10) 15 Selective breeding, improve feed & veterinary 
care 
    
East Africa Breed synthetic breeds + 
improve management 
1.4 x (9 – 13) 7 Selective breeding, improve feed & veterinary 
care 
Retain/introduce exotic breeds 
+ improve management 
5.75 x (4 – 23) 36 Selective breeding, improve feed & veterinary 
care 
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2. Priority Areas for Intervention and Potential Productivity Gains - Between Genotype/breed Comparisons 
 
Species/Region Intervention for Impact Magnitude of increase 
(range in Kg) 
Potential gain per 
animal (US $) 
Intervention strategy for greatest impact 
Cattle – Dairy Production     
Southern Africa Indigenous vs Crossbreds   840 – 1870 -352 - Adoption of exotic and crossbred animals 
- Animal nutrition and health care 
- Need to maintain indigenous breeds to generate 
the crossbreds 
Indigenous vs Exotics   840 – 2015 -401 
Crossbreds vs Exotics 1870 – 2015 -50 
East Africa Indigenous vs Crossbreds   984 – 2657 -572 - Adoption of exotics and crossbred animals 
- Animal nutrition and veterinary care 
- Need to maintain indigenous breeds to generate 
crossbreds 
Indigenous vs Exotics   984 – 5204 -1,443 
Indigenous vs Synthetics   984 – 4065 -1,053 
Crossbreds vs Synthetics 2657 – 4065 -481 
Crossbreds vs Exotic 2657 – 5204 -871 
Synthetics vs Exotic 4065 – 5204 -389 
West Africa Indigenous vs Crossbreds 1071 – 1677 -207 - Adoption of crossbred and indigenous animals 
- Need to maintain exotics to generate crossbreds Indigenous vs Exotics 1071 – 4750 -1,258 
Crossbreds vs Exotics 1677 – 4750 -1,050 
South Asia Indigenous vs Crossbreds 2920 – 4650 -1,619 - Adoption of crossbred animals 
- Need to retain indigenous and exotic breeds to 
generate the crossbreds 
Indigenous vs Synthetics 2920 – 3024 -97 
Indigenous vs Exotics 2920 – 3195 -257 
Crossbreds vs Synthetics 4650 – 3024 1,522 
Crossbreds vs Exotics 4650 – 3195 1,362 
Synthetics vs Exotics 3024 – 3195 -160 
Cattle – Beef Production     
Southern Africa Indigenous vs Crossbreds    160 – 183 -39 - Adoption of crossbred animals 
- Animal nutrition and health care 
- Need to have both exotic and indigenous breeds 
Indigenous vs Exotics    160 – 166 -10 
Crossbreds vs Exotics    183 – 166 29 
East Africa Indigenous vs Crossbreds    174 – 370 -335 - Adoption of crossbred and indigenous animals 
- Animal nutrition and health care 
- Need to maintain exotic breeds to generate 
crossbreds 
Indigenous vs Exotics    174 – 227 -90 
Crossbreds vs Exotics    370 – 227 244 
West Africa Indigenous vs Crossbreds      134 – 40 160 - Adoption of indigenous animals 
- Proper animal nutrition and health care Indigenous vs Exotics      134 – 81 90 
Crossbreds vs Exotics        40 – 81 -70 
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Species/Region Intervention for Impact Magnitude of increase 
(range in gms) 
Potential gain per 
animal (US $) 
Intervention strategy for greatest impact 
Poultry – Chicken egg  
Production 
    
Southern Africa Indigenous vs Exotics 120 –  180 -92 - Adoption of exotic breeds 
- Improve nutrition and health care including 
hygiene 
- Indigenous breeds still have a role to play 
East Africa Indigenous vs Crossbreds 175 – 160 23 - Adoption of exotic and indigenous birds 
- Improve nutrition and health care including 
hygiene 
Indigenous vs Exotics 175 – 300 -193 
Crossbreds vs Exotics 160 –  300 -216 
West Africa Indigenous vs Exotics 125 – 200 -116 - Adoption of exotic birds 
- Improve nutrition and health care including 
hygiene 
- Indigenous breeds are still important 
South Asia Indigenous vs Crossbreds 176 – 157 0.01 - Adoption of exotic and indigenous birds 
- Improve nutrition and health care including 
hygiene 
Indigenous vs Exotics 176 – 360 0.14 
Crossbreds vs Exotics 157 – 360 -0.16 
Poultry – Chicken Meat 
Production 
    
South Africa Indigenous vs Exotics 4000 –  4000 0 - Adoption of both indigenous and exotic 
breeds 
- Improve nutrition and health care 
West Africa Indigenous vs Exotics 3200 –  4000 -1,601 - Adoption of indigenous and exotic breeds 
- Improve nutrition and health care 
East Africa Data available on 
indigenous breeds only 
  - Better management (nutrition and health) of 
indigenous birds 
South Asia Indigenous vs Crossbreds 2450 – 1408 1.2 - Adoption of indigenous and exotics birds 
- Improve nutrition and health care including 
hygiene 
Indigenous vs Exotics 2450 – 1771 0.81 
Crossbreds vs Exotics 1408 - 1771 -0.43 
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Species/Region Intervention for Impact Magnitude of increase 
(range in Kg) 
Potential gain per 
animal (US $) 
Intervention strategy for greatest impact 
Small Ruminant – Dairy 
Production 
    
Southern Africa Indigenous vs Crossbreds 102 – 85 6 - Adoption of crossbreds and indigenous 
genotypes 
- Improve nutrition and health care 
- Need for exotic breeds to generate 
crossbreds 
Indigenous vs Exotics 102 – 102 0 
Crossbreds vs Exotics 85 – 102 -6 
East Africa Indigenous vs Crossbreds 69 –  497 -156 - Adoption of crossbreds and exotic 
genotypes 
- Improve nutrition and health care 
- Need for indigenous breeds to generate 
crossbreds 
Indigenous vs Exotics 69 –  828 -277 
Crossbreds vs Exotics 497 – 828 -120 
West Africa Data available on 
Indigenous breeds only 
  - Improved management (animal health and 
veterinary care) of indigenous genotypes 
Small Ruminant – Meat 
Production 
    
Southern Africa Indigenous vs Crossbreds 21 – 17 7 - Adoption of indigenous and exotic 
genotypes 
- Improve health and nutrition 
Indigenous vs Exotics 21 – 18 5 
Crossbreds vs Exotics 17 – 18 -1 
East Africa Indigenous vs Crossbreds 6 – 13 -13 - Adoption of crossbreds and exotic 
genotypes 
- Improve health and nutrition management 
- Need for indigenous breeds to generate 
crossbreds 
Indigenous vs Exotics 6 – 23 -32 
Indigenous vs Synthetics 6 – 13 -13 
Crossbred vs Synthetics 13 – 13 0 
Crossbred vs Exotic 13 – 23 -19 
Synthetic vs Exotic 13 –  23 -19 
West Africa Data available on 
Indigenous breeds only 
  - Improve management of indigenous 
genotypes 
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Possible Approaches to Increase Productivity 
 
Three ways by which livestock productivity could be increased in smallholder enterprises include: 
i) Improving animal husbandry (nutrition and veterinary health care) in order to minimize 
within-genotype “productivity gaps” thus reducing the xi gap in Figure 1.2.2). It would 
be important to identify the key drivers to the productivity gaps for each set of 
breeds/genotypes. Such information can be obtained from snap-shot questionnaire 
surveys among different smallholders. Long term monitoring studies on the effects of 
different levels of feeding or disease challenges on productivity could provide better 
insights on how best to effectively reduce these “productivity gaps”.  
ii) Adoption of breed improvement technologies such as planned crossbreeding (closing 
the yi gap ) 
 
iii) Changing the overall dairy cattle husbandry practices by the smallholder farmers (closing 
the zi gap). This strategy may require considerable financial inputs which may not be 
available to most resource poor farmers. 
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Challenges and Opportunities in Improving Productivity 
1. More clean differentiation of the contributions of genetics, nutrition and animal health to the 
overall productivity gaps observed in each genotype/breed-environment category. Such an 
exercise would inform targeted investments and subsequent impacts. 
 
2. Most countries in Sub Saharan Africa and South Asia are characterized by a paucity of good 
quality information/data on productivity of different livestock species especially in small holder 
farms. In rare circumstances where such information exists, most of it is in forms that are less 
reliable and not easily and readily accessible to the wider scientific community. This calls for 
innovative ways of collecting and consolidating the available information into centralized forms. 
A starting point could be creation of local (village–level) databases which are linked to central 
databases such as DAGRIS, DADIS etc. 
 
3. The inclusion of Buffaloes – and possibly Camels – as additional species of high socio-economic 
importance in South Asia and Sub Saharan Africa could help in better targeting of resources. 
 
4. For Sub Saharan Africa and South Asia, although several studies have reported the relative 
performance of dairy cattle under institutional farms, full realization of the impacts achieved at 
the farmer level from such efforts are lacking. Factors that contribute to this unfavourable 
scenario may be importance in understanding the bottlenecks to uptake of technologies aimed at 
improving the production and reproduction performance of dairy animals. 
 
5. Reliable livestock census data at genotypic or breed levels (indigenous, crossbred, exotics), 
including the related GPS data are currently missing. 
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